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ПРИМЕНЕНИЕ СИГНАЛЬНЫХ ГРАФОВ ДЛЯ ФОРМИРОВАНИЯ УРАВНЕНИЙ 
ЭЛЕКТРИЧЕСКОЙ ЦЕПИ ПО МЕТОДУ ПАРАМЕТРОВ СОСТОЯНИЙ 
Предлагается особая структура топологической матрицы для описания связей между 
элементами схемы, выполнен структурный анализ этой матрицы, в результате чего 
получен обобщенный граф уравнений состояния электрической цепи и установлены правила 
определения структуры касания резистивных контуров.
Пропонується особлива структура топологічної матриці для опису зв’язків між 
елементами схеми, виконаний структурний аналіз цієї матриці, у результаті чого отриманий 
узагальнений граф рівнянь стану електричного кола і сформульовані  правила визначення 
структури торкання резистивних контурів.
ɗɇȿɊȽȿɌɂɄȺ
ɍȾɄ .  
ɉ ȼ ȽȺɀȺ
ɏɚɪɤɿɜɫɶɤɢɣ ɍɧɿɜɟɪɫɢɬɟɬ ɉɨɜɿɬɪɹɧɢɯ ɋɢɥ ɿɦ ȱ Ʉɨɠɟɞɭɛɚ ɦ ɏɚɪɤɿɜ
Ⱦ ɋ ɒɂɆɍɄ ɤɚɧɞ ɬɟɯɧ ɧɚɭɤ ɞɨɰɟɧɬ
Ʌ ɉ ɆȺɅəɊɍɄ ȼ Ɉ ȱȼɈȼɈɅ
ɍɤɪɚʀɧɫɶɤɚ ɿɧɠɟɧɟɪɧɨ-ɩɟɞɚɝɨɝɿɱɧɚ ɚɤɚɞɟɦɿɹ, ɦ. ɏɚɪɤɿɜ
ɉɊɂɆȿɇȿɇɂȿ ɋɂȽɇȺɅɖɇɕɏ ȽɊȺɎɈȼ ȾɅə ɎɈɊɆɂɊɈȼȺɇɂə
ɍɊȺȼɇȿɇɂɃ ɗɅȿɄɌɊɂɑȿɋɄɈɃ ɐȿɉɂ ɉɈɆȿɌɈȾɍ ɉȺɊȺɆȿɌɊɈȼ
ɋɈɋɌɈəɇɂɃ
ɉɪɟɞɥɚɝɚɟɬɫɹ ɨɫɨɛɚɹ ɫɬɪɭɤɬɭɪɚ ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ ɦɚɬɪɢɰɵ ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɜɹɡɟɣ ɦɟɠɞɭ
ɷɥɟɦɟɧɬɚɦɢ ɫɯɟɦɵ, ɜɵɩɨɥɧɟɧ ɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɷɬɨɣ ɦɚɬɪɢɰɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ
ɩɨɥɭɱɟɧ ɨɛɨɛɳɟɧɧɵɣ ɝɪɚɮ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ɢ ɭɫɬɚɧɨɜɥɟɧɵ ɩɪɚɜɢɥɚ
ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɤɚɫɚɧɢɹ ɪɟɡɢɫɬɢɜɧɵɯ ɤɨɧɬɭɪɨɜ.
ɉɪɨɩɨɧɭɽɬɶɫɹ ɨɫɨɛɥɢɜɚ ɫɬɪɭɤɬɭɪɚ ɬɨɩɨɥɨɝɿɱɧɨʀ ɦɚɬɪɢɰɿ ɞɥɹ ɨɩɢɫɭ ɡɜ'ɹɡɤɿɜ ɦɿɠ
ɟɥɟɦɟɧɬɚɦɢ ɫɯɟɦɢ, ɜɢɤɨɧɚɧɢɣ ɫɬɪɭɤɬɭɪɧɢɣ ɚɧɚɥɿɡ ɰɿɽʀ ɦɚɬɪɢɰɿ, ɭ ɪɟɡɭɥɶɬɚɬɿ ɱɨɝɨ
ɨɬɪɢɦɚɧɢɣ ɭɡɚɝɚɥɶɧɟɧɢɣ ɝɪɚɮ ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɟɥɟɤɬɪɢɱɧɨɝɨ ɤɨɥɚ ɿ ɫɮɨɪɦɭɥɶɨɜɚɧɿ ɩɪɚɜɢɥɚ
ɜɢɡɧɚɱɟɧɧɹ ɫɬɪɭɤɬɭɪɢ ɬɨɪɤɚɧɧɹ ɪɟɡɢɫɬɢɜɧɢɯ ɤɨɧɬɭɪɿɜ.
ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ
Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ
ɫɥɨɠɧɵɯ ɧɟɥɢɧɟɣɧɵɯ ɰɟɩɹɯ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɩɪɢɩɚɫɨɜɵɜɚɧɢɹ. Ɋɟɚɥɢɡɚɰɢɹ
ɦɟɬɨɞɚ ɩɪɢɩɚɫɨɜɵɜɚɧɢɹ ɬɪɟɛɭɟɬ ɫɨɫɬɚɜɥɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɰɟɩɢ ɜ ɜɢɞɟ
ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ [1,2] ɞɥɹ ɤɚɠɞɨɣ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɨɛɥɚɫɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ
ɧɟɥɢɧɟɣɧɵɯ ɷɥɟɦɟɧɬɨɜ ɰɟɩɢ. Ɉɩɢɫɚɧɧɵɟ ɜ [1,2]  ɦɟɬɨɞɵ ɫɨɫɬɚɜɥɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ
ɬɪɟɛɭɸɬ ɜɵɩɨɥɧɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɨɛɴɺɦɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɪɚɛɨɬɵ.
Ⱥɧɚɥɢɡ ɩɨɫɥɟɞɧɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɭɛɥɢɤɚɰɢɣ
ȼ [1] ɢɡɥɚɝɚɟɬɫɹ ɫɨɫɬɚɜɥɟɧɢɟ ɫɢɝɧɚɥɶɧɨɝɨ ɝɪɚɮɚ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ɢ ɩɨɤɚɡɚɧɨ ɩɪɢɦɟɧɟɧɢɟ ɮɨɪɦɭɥɵ Ɇɷɡɨɧɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɟɪɟɞɚɬɨɱɧɢɯ
ɤɨɟɮɮɢɰɢɟɧɬɨɜ. ȼ [3] ɨɩɢɫɵɜɚɟɬɫɹ ɩɨɞɯɨɞ ɤ ɪɚɫɱɟɬɭ ɩɟɪɟɞɚɬɨɱɧɢɯ ɤɨɟɮɮɢɰɢɟɧɬɨɜ ɞɥɹ
ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɟɠɢɦɨɜ ɰɟɩɟɣ ɩɨ ɮɨɪɦɭɥɟ Ɇɷɡɨɧɚ ɧɚ ɨɫɧɨɜɟ ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ ɦɚɬɪɢɰɵ.
Ɉɞɧɚɤɨ ɧɚɯɨɠɞɟɧɢɟ ɤɨɧɬɭɪɨɜ, ɩɭɬɟɣ ɫɢɝɧɚɥɶɧɨɝɨ ɝɪɚɮɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɪɢɬɟɥɶɧɨ ɢ ɧɟ
ɫɨɞɟɪɠɢɬ ɱɺɬɤɨɝɨ ɩɪɚɜɢɥɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɫɬɟɦ ɤɚɫɚɧɢɹ ɤɨɧɬɭɪɨɜ ɞɥɹ ɨɩɪɟɞɟɥɢɬɟɥɹ ɢ
ɦɢɧɨɪɨɜ ɮɨɪɦɭɥɵ Ɇɷɡɨɧɚ. ȼ [3] ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ ɩɪɹɦɨɝɨ ɫɨɫɬɚɜɥɟɧɢɹ ɮɨɪɦɭɥɵ
Ɇɷɡɨɧɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɟɪɟɞɚɱɢ ɰɟɩɟɣ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɚɧɚɥɢɡɚ ɫɥɨɠɧɵɯ
ɰɟɩɟɣ ɬɪɟɛɭɟɬ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɟɬɨɞɢɤɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɣ ɩɨ ɦɟɬɨɞɭ
ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɣ ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ.
ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɦɟɬɨɞɢɤɢ ɮɨɪɦɢɪɨɜɚɧɢɹ
ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɰɟɩɟɣ ɩɨ ɦɟɬɨɞɭ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɣ ɩɭɬɺɦ ɩɪɢɦɟɧɟɧɢɹ ɫɢɝɧɚɥɶɧɵɯ
ɝɪɚɮɨɜ.
Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ







ɝɞɟ X(t) , (t)X  – ɜɟɤɬɨɪɵ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ ɢ ɢɯ ɩɟɪɜɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨ ɜɪɟɦɟɧɢ;
Y(t)  – ɜɟɤɬɨɪ ɜɵɯɨɞɧɵɯ ɜɟɥɢɱɢɧ;
U(t) – ɜɟɤɬɨɪ ɜɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ;
A, B, C, D – ɦɚɬɪɢɰɵ ɜɟɳɟɫɬɜɟɧɧɵɯ ɫɤɚɥɹɪɧɵɯ ɩɨɫɬɨɹɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫ
ɪɚɡɦɟɪɧɨɫɬɶɸ, ɡɚɜɢɫɹɳɟɣ ɨɬ ɤɨɧɤɪɟɬɧɨɝɨ ɧɚɛɨɪɚ ɷɥɟɦɟɧɬɨɜ ɰɟɩɢ.
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Ʌɸɛɚɹ ɥɢɧɟɣɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɰɟɩɶ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ (ɪɢɫ. 1): 
 ɚ ɧɟɡɚɜɢɫɢɦɵɯ ɢɞɟɚɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɗȾɋ ȿĮ, ),1( ɚ D ;
b ɧɟɡɚɜɢɫɢɦɵɯ ɢɞɟɚɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɬɨɤɚ Jȕ  b,1 E ;
g ɟɦɤɨɫɬɟɣ Cȥ  g,1 \ ;
h ɢɧɞɭɤɬɢɜɧɨɫɬɟɣ Lĳ  h,1 M ;
s ɪɟɡɢɫɬɨɪɨɜ Rȝ  1,s P ;
r ɪɟɡɢɫɬɨɪɨɜ RȞ  1,r Q .
ɇɚ ɨɫɧɨɜɟ ɩɨɧɹɬɢɹ ɨ ɫɨɛɫɬɜɟɧɧɨɦ ɞɟɪɟɜɟ ɫɯɟɦɵ [1] ɜɫɟ ɦɧɨɠɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɰɟɩɢ
M = {ȿĮ, Jȕ, Cȥ, Lĳ, Rȝ, RȞ} ɪɚɡɞɟɥɢɦ (ɤɚɤ ɷɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 2 ɞɜɨɣɧɨɣ ɥɢɧɢɟɣ) ɧɚ ɞɜɚ
ɧɟɩɟɪɟɫɟɤɚɸɳɢɯɫɹ ɩɨɞɦɧɨɠɟɫɬɜɚ: ɩɨɞɦɧɨɠɟɫɬɜɨ ɜɟɬɜɟɣ ɫɨɛɫɬɜɟɧɧɨɝɨ ɞɟɪɟɜɚ ɫɯɟɦɵ MB ɢ
ɩɨɞɦɧɨɠɟɫɬɜɨ ɫɜɹɡɟɣ ɫɯɟɦɵ Mɋ. ɉɪɢɱɟɦ ɜ ɩɨɞɦɧɨɠɟɫɬɜɨ MB ɜɤɥɸɱɢɦ ɜɫɟ ɢɫɬɨɱɧɢɤɢ ɗȾɋ
ȿĮ, ɜɫɟ ɟɦɤɨɫɬɢ Cȥ ɢ ɪɟɡɢɫɬɨɪɵ Rȝ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɜɹɡɧɨɫɬɢ ɢɫɬɨɱɧɢɤɨɜ ɗȾɋ
ɢ ɟɦɤɨɫɬɟɣ ɜ ɞɟɪɟɜɟ ɫɯɟɦɵ. Ɉɫɬɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ (ɜɫɟ ɢɫɬɨɱɧɢɤɢ ɬɨɤɚ Jȕ, ɜɫɟ ɢɧɞɭɤɬɢɜɧɨɫɬɢ
Lĳ ɢ ɨɫɬɚɥɶɧɵɟ r ɪɟɡɢɫɬɨɪɵ RȞ) ɜɨɣɞɭɬ ɜ ɱɢɫɥɨ ɫɜɹɡɟɣ.
ȼ ɢɧɬɟɪɟɫɚɯ ɞɚɥɶɧɟɣɲɟɝɨ ɨɛɨɛɳɟɧɢɹ ɨɩɢɫɚɧɢɹ ɰɟɩɢ ɭɩɨɪɹɞɨɱɢɦ ɷɥɟɦɟɧɬɵ
ɩɨɞɦɧɨɠɟɫɬɜ MB ɢ Mɋ ɜ ɜɢɞɟ ɛɥɨɱɧɵɯ ɜɟɤɬɨɪɨɜ-ɫɬɨɥɛɰɨɜ V B ɢ V ɋ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:
Rȝ, (ȝ = 1,s) 
RȞ, (Ȟ = 1,r)
EĮ, (Į = 1,a) Cȥ, (ȥ = 1,g)
Jȕ, (ȕ = 1,b) Lĳ, (ĳ = 1,h) 
Ɋɢɫ. 1  – ɗɥɟɦɟɧɬɵ ɥɢɧɟɣɧɨɣ
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ
Rȝ (ȝ = 1,s) 
RȞ (Ȟ = 1,r)
EĮ (Į = 1,a) Cȥ (ȥ = 1,g) 
Jȕ (ȕ = 1,b) Lĳ (ĳ = 1,h) 
ɋɨɛɫɬɜɟɧɧɨɟ ɞɟɪɟɜɨ
MB = {ȿĮ, Cȥ, Rȝ}
ɋɜɹɡɢ
Mɋ = { Jȕ, Lĳ, RȞ}
Ɋɢɫ. 2 – Ɋɚɡɞɟɥɟɧɢɟ ɦɧɨɠɟɫɬɜɚ
ɷɥɟɦɟɧɬɨɜ ɰɟɩɢ ɧɚ ɩɨɞɦɧɨɠɟɫɬɜɚ
MB ɢ Mɋ
V B = > @Tsga RRCCEE  111 , (2) 
V ɋ = > @Trhb RRLLJJ  111 , (3) 
ɝɞɟ ɜɟɪɯɧɢɣ ɢɧɞɟɤɫ Ɍ ɨɡɧɚɱɚɟɬ ɨɩɟɪɚɰɢɸ ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɢɹ.
ɍɤɚɠɟɦ ɜ ɤɚɠɞɨɦ ɢɡ ɷɥɟɦɟɧɬɨɜ ɦɧɨɠɟɫɬɜ Ɇ ɩɪɢɧɹɬɨɟ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ
ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ. Ɉɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ V B ɢ V ɋ, ɨɩɢɲɟɦ ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ ɦɚɬɪɢɰɟɣ
F ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ 1, ɩɪɢɱɟɦ ɫɬɪɭɤɬɭɪɚ (ɩɨɪɹɞɨɤ ɢɦɟɧɨɜɚɧɢɹ ɫɬɨɥɛɰɨɜ ɢ ɫɬɪɨɤ) ɦɚɬɪɢɰɵ F
ɞɨɥɠɟɧ ɫɬɪɨɝɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɪɟɞɥɨɠɟɧɧɨɦɭ ɜ [3] ɩɨɪɹɞɤɭ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ
ɜɟɤɬɨɪɨɜ V B ɢ V ɋ (1, 2), ɤɚɤ ɷɬɨ ɢ ɩɨɤɚɡɚɧɨ ɜ ɬɚɛɥɢɰɟ 1. 











































































































































































































































































































































































































































































































































































 №1 (71)  010 ЭНЕРГОСБЕРЕЖЕНИЕ • ЭНЕРГЕТИКА • ЭНЕРГОАУДИТ
энергетика
            Ɍɚɛɥɢɰɚ 2







Jȕ FEJ FCJ FRJ 
Lĳ FEL FCL FRL
RȞ FER FCR FRR 
Ʉɚɠɞɵɣ ɷɥɟɦɟɧɬ fij ɦɚɬɪɢɰɵ F ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɨɞɧɨ ɢɡ ɬɪɟɯ ɡɧɚɱɟɧɢɣ: (+1); ( -1), 0.
ɉɨɫɪɟɞɫɬɜɨɦ ɦɚɬɪɢɰɵ F ɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɧɚɩɪɹɠɟɧɢɹɦɢ ɷɥɟɦɟɧɬɨɜ ɜɟɤɬɨɪɨɜ V B ɢ V ɋ,
ɫɨɝɥɚɫɧɨ ɜɬɨɪɨɦɭ ɡɚɤɨɧɭ Ʉɢɪɯɝɨɮɚ, ɨɩɢɫɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɟɦ:
                                                            0  CUFU B ,                                                                 (4) 
ɝɞɟ > @TsRRgCCEaE uuuuuu  111 BU  – ɛɥɨɱɧɵɣ ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ
ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɡɚɠɢɦɚɯ ɷɥɟɦɟɧɬɨɜ ɜɟɬɜɟɣ;
> @TRrRLhLJbJC uuuuuu  111 U  – ɛɥɨɱɧɵɣ ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ
ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɡɚɠɢɦɚɯ ɷɥɟɦɟɧɬɨɜ ɜɟɬɜɟɣ.
Ⱥɧɚɥɨɝɢɱɧɨ, ɱɟɪɟɡ ɦɚɬɪɢɰɭ F ɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɬɨɤɚɦɢ ɷɥɟɦɟɧɬɨɜ ɜɟɬɜɟɣ, ɫɨɝɥɚɫɧɨ
ɩɟɪɜɨɦɭ ɡɚɤɨɧɭ Ʉɢɪɯɝɨɮɚ ɨɩɢɫɵɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢɟɦ:
0  CT IFI B ,                                   (5) 
ɝɞɟ > @TsRRgCCEaE iiiiiiI  111 B – ɛɥɨɱɧɵɣ ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ ɬɨɤɨɜ
ɷɥɟɦɟɧɬɨɜ ɜɟɬɜɢ;
> @TRrRLhLJbJC iiiiiiI  111  – ɛɥɨɱɧɵɣ ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ ɬɨɤɨɜ ɷɥɟɦɟɧɬɨɜ
ɜɟɬɜɢ.
Ȼɥɚɝɨɞɚɪɹ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɫɬɪɭɤɬɭɪɟ ɜɟɤɬɨɪɨɜ UB, UC, IB, IC ɢ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɫɬɪɭɤɬɭɪɟ
ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ ɦɚɬɪɢɰɵ F, ɜ ɧɟɣ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɜɵɞɟɥɢɬɶ ɨɬɞɟɥɶɧɵɟ
ɬɨɩɨɥɨɝɢɱɟɫɤɢɟ ɫɭɛɦɚɬɪɢɰɵ FEJ, FCJ, FEL, FCL, FRJ, FRL, FER, FɋR, FRR, ɤɚɤ ɷɬɨ ɩɨɤɚɡɚɧɨ ɜ
ɬɚɛɥ. 2.
Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɭɤɚɡɚɧɧɵɯ




ɢɫɬɨɱɧɢɤɨɜ ɧɚ ɫɢɝɧɚɥɵ ɭɡɥɨɜ-


















C 1         (9);






C 1   (9);     (11); 
  (0)uF(t)u BɋCLCL            (12); (t)uL
C
L






Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɣ ɱɚɫɬɢ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ɤɨɬɨɪɚɹ ɩɟɪɟɞɚɟɬɫɹ ɜ ɭɡɥɵ-ɫɬɨɤɢ ɱɟɪɟɡ
ɩɟɪɟɱɢɫɥɟɧɧɵɟ cɭɛɦɚɬɪɢɰɵ, ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ Ʉɢɪɯɝɨɮɚ ɧɟ ɬɪɟɛɭɟɬɫɹ.
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Ɋɢɫ. 3. Ɇɚɬɪɢɱɧɵɟ ɩɨɞɝɪɚɮɵ ɭɪɚɜɧɟɧɢɣ (6, …,15) 
Ɉɩɪɟɞɟɥɢɦ ɩɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ, ɤɚɤ ɢ ɞɥɹ ɭɪɚɜɧɟɧɢɣ (6, …,15), ɪɨɥɶ ɨɫɬɚɜɲɢɯɫɹ
ɫɭɛɦɚɬɪɢɰ FRJ,  FRL,  FER,  FCR,  FRR ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɜɥɢɹɧɢɹ ɫɢɝɧɚɥɨɜ ɨɬ ɭɡɥɨɜ ɢɫɬɨɱɧɢɤɨɜ
ɧɚ ɬɨɤɢ ɢ ɧɚɩɪɹɠɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ ɱɟɪɟɡ ɫɭɛɦɚɬɪɢɰɵ FRJ,  FRL,  FER,  FCR,  FRR.
  (t)uF(t)u BJCJ PRR  (16); (t)iF(t)i CJTRJBR  ˩ (17); )(uF(t)u BRRLCL t˩ (18);
(t)iF(t)i CTRL
B
R L ˩ (19);   (t)uF(t)u BEERCR  ˪ (20); (t)iF(t)i CRTERBE ˪ (21);
(0)u)F((t)u BɋCR
C





R ˪˩  R (25).
ɍɱɬɟɦ ɤɨɦɩɨɧɟɧɬɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɬɨɤɚɦɢ ɢ ɧɚɩɪɹɠɟɧɢɹɦɢ ɷɥɟɦɟɧɬɨɜ
ɪɟɡɢɫɬɢɜɧɨɝɨ ɦɧɨɝɨɩɨɥɸɫɧɢɤɚ:
  (t)uR(t)i CRCR ˪˪˪ 1  / , (26) 
(t)iR(t)u BR
B
R ˩˩  P , (27) 
ɝɞɟ   ˩˪ R1/R ,  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɢɚɝɨɧɚɥɶɧɵɟ ɦɚɬɪɢɰɵ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɪɟɡɢɫɬɨɪɨɜ
ɦɧɨɠɟɫɬɜɚɆɋ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɪɟɡɢɫɬɨɪɨɜ ɦɧɨɠɟɫɬɜɚɆȼ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɪɚɡɦɟɪɧɨɫɬɢ.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɭɤɬɭɪɧɚɹ ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɶ ɦɚɬɪɢɰɵ F ɩɨ [3] ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ
ɨɛɨɛɳɟɧɧɨɟ ɬɨɩɨɥɨɝɢɱɟɫɤɨɟ ɩɪɢɱɢɧɧɨ-ɫɥɟɞɫɬɜɟɧɧɨɟ ɨɩɢɫɚɧɢɟ ɜɡɚɢɦɨɫɜɹɡɟɣ ɬɨɤɨɜ ɢ
ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɪɨɢɡɜɨɥɶɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ɧɚ ɨɫɧɨɜɟ ɡɚɤɨɧɨɜ Ʉɢɪɯɝɨɮɚ ɢ Ɉɦɚ. Ɍɚɤɨɟ
ɨɩɢɫɚɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɩɟɪɩɨɡɢɰɢɸ ɫɢɝɧɚɥɶɧɵɯ ɝɪɚɮɨɜ ɧɚ ɪɢɫ. 3 ɢ ɪɢɫ. 4. ɉɪɢɱɟɦ,
ɟɫɥɢ ɝɪɚɮɵ ɧɚ ɪɢɫ. 3 ɫɨɞɟɪɠɚɬ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɚɬɪɢɰ ɜ
ɹɜɧɨɦ ɜɢɞɟ, ɬɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɚɬɪɢɰ ɩɨ ɝɪɚɮɭ ɧɚ ɪɢɫ. 4 ɬɪɟɛɭɟɬɫɹ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɨɧɬɭɪɧɨɝɨ ɩɨɞɝɪɚɮɚ (ɢɥɢ ɦɚɬɪɢɱɧɨɣ ɩɟɬɥɢ)    ˩1˪ RFFR RRTRR  )( ɤ
ɪɚɡɨɦɤɧɭɬɨɦɭ ɜɢɞɭ.
ȼ ɥɢɬɟɪɚɬɭɪɟ [2] ɬɚɤɭɸ ɡɚɞɚɱɭ ɪɟɲɚɸɬ ɩɭɬɟɦ ɜɵɱɢɫɥɟɧɢɹ ɢɡɜɟɫɬɧɵɦɢ ɫɜɨɢɦɢ
ɧɟɞɨɫɬɚɬɤɚɦɢ ɦɚɬɪɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ ɨɩɪɟɞɟɥɢɬɟɥɹ ɝɪɨɦɨɡɞɤɨɣ ɤɜɚɞɪɚɬɧɨɣ ɦɚɬɪɢɰɵ   > @˩1˪ RFFR RRTRR   )(I ɫ ɪɚɡɦɟɪɧɨɫɬɶɸ [(Ȟ + ȝ) × (Ȟ + ȝ)].
Ɇɟɠɞɭ ɬɟɦ, ɜ ɫɢɥɭ ɞɭɚɥɶɧɨɫɬɢ [2] ɦɚɬɪɢɰɵ F ɜɨɨɛɳɟ ɢ ɫɭɛɦɚɬɪɢɰɵ FRR ɜ ɱɚɫɬɧɨɫɬɢ, ɜɫɹ
ɧɟɨɛɯɨɞɢɦɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ ɫɜɹɡɹɯ ɜ ɪɟɡɢɫɬɢɜɧɨɦ ɦɧɨɝɨɩɨɥɸɫɧɢɤɟ ɰɟɩɢ
ɫɨɞɟɪɠɢɬɫɹ ɜ ɫɭɛɦɚɬɪɢɰɟ FRR ɫ ɪɚɡɦɟɪɧɨɫɬɶɸ ɜɫɟɝɨ ɥɢɲ [Ȟ × ȝ], ɩɪɢɱɟɦ ɞɥɹ ɫɭɛɦɚɬɪɢɰɵ
FRR ɜɨɜɫɟ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɹ Ȟ = ȝ. ȼ ɷɬɨɣ ɫɢɬɭɚɰɢɢ ɜɩɨɥɧɟ ɟɫɬɟɫɬɜɟɧɧɨ
ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɚɹ ɢɧɮɨɪɦɚɰɢɹ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɧɬɭɪɧɨɝɨ ɩɨɞɝɪɚɮɚ ɤ
ɪɚɡɨɦɤɧɭɬɨɦɭ ɜɢɞɭ ɡɚɤɥɸɱɟɧɚ ɜɨ ɜɡɚɢɦɧɨɦ ɪɚɡɦɟɳɟɧɢɢ ɧɟɧɭɥɟɜɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɬɟɥɟ
ɫɭɛɦɚɬɪɢɰɵ FRR.













































Ɋɢɫ. 4. Ɋɟɡɢɫɬɢɜɧɵɣ ɤɨɧɬɭɪ ɜ ɦɚɬɪɢɱɧɵɯ ɩɨɞɝɪɚɮɚɯ ɭɪɚɜɧɟɧɢɣ (15, …, 26) 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɧɬɭɪɧɨɝɨ ɩɨɞɝɪɚɮɚ ɧɚ ɪɢɫ.4 ɤ
ɪɚɡɨɦɤɧɭɬɨɦɭ ɜɢɞɭ ɧɟɨɛɯɨɞɢɦ ɩɨɢɫɤ ɢ ɚɧɚɥɢɡ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɪɚɡɦɟɳɟɧɢɹ ɧɟɧɭɥɟɜɵɯ
ɷɥɟɦɟɧɬɨɜ ɜ ɬɟɥɟ ɫɭɛɦɚɬɪɢɰɵ FRR, ɤɨɬɨɪɵɟ ɨɬɪɚɠɚɸɬ ɬɨɩɨɥɨɝɢɸ ɢ ɩɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ
ɪɟɡɢɫɬɢɜɧɨɝɨ ɦɧɨɝɨɩɨɥɸɫɧɢɤɚ ɰɟɩɢ.
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɢɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɩɨɡɜɨɥɢɬ ɢɫɤɥɸɱɢɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ
ɩɪɢɦɟɧɟɧɢɹ ɦɚɬɪɢɱɧɵɯ ɦɟɬɨɞɨɜ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɚɧɚɥɢɡɚ ɰɟɩɟɣ, ɬɟɦ ɫɚɦɵɦ ɭɩɪɨɫɬɢɬɶ
ɩɪɨɰɟɞɭɪɭ ɩɨɥɭɱɟɧɢɹ ɤɨɧɟɱɧɵɯ ɜɵɪɚɠɟɧɢɣ ɞɥɹ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ, ɭɫɬɪɚɧɢɜ ɩɪɢ ɷɬɨɦ
ɜɨɡɦɨɠɧɵɟ ɢɫɬɨɱɧɢɤɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ.
ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɨɧɬɭɪɧɨɝɨ ɩɨɞɝɪɚɮɚ ɧɚ ɪɢɫ.4 ɤ ɪɚɡɨɦɤɧɭɬɨɦɭ ɜɢɞɭ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ
ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɚɬɪɢɰ ɭɪɚɜɧɟɧɢɣ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɢɥɢ ɱɢɫɥɨɜɨɣ ɮɨɪɦɟ. ɋ
ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɨɧɬɭɪɧɨɝɨ ɩɨɞɝɪɚɮɚ ɧɚ ɪɢɫ.4 ɤ ɪɚɡɨɦɤɧɭɬɨɦɭ ɜɢɞɭ ɬɪɟɛɭɟɬ
ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɟɝɨ ɩɟɪɟɞɚɱɢ ɨɬ ɜɯɨɞɧɵɯ ɭɡɥɨɜ ɤ ɜɵɯɨɞɧɵɦ. Ɋɟɲɟɧɢɟ ɬɚɤɨɣ
ɡɚɞɚɱɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɨɥɭɱɢɬɶ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɨɩɨɥɨɝɢɱɟɫɤɨɝɨ ɡɚɤɨɧɚ ɩɟɪɟɞɚɱɢ
Ɇɷɡɨɧɚ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɟɪɟɞɚɱɢ ɦɟɠɞɭ ɜɵɛɪɚɧɧɨɣ ɩɚɪɨɣ














XK 1 , (28) 
ɝɞɟ Kbd –ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ ɢɡ ɭɡɥɚ-ɢɫɬɨɱɧɢɤɚ d ɜ ɭɡɟɥ-ɫɬɨɤ b;
Xb ɢ Xd – ɡɧɚɱɟɧɢɹ ɫɢɝɧɚɥɨɜ ɜ ɭɡɥɚɯ b ɢ d ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;
n – ɨɛɳɟɟ ɱɢɫɥɨ ɩɭɬɟɣ ɢɡ ɭɡɥɚ-ɢɫɬɨɱɧɢɤɚ d ɜ ɭɡɟɥ-ɫɬɨɤ b;
Pk – ɩɟɪɟɞɚɱɚ k-ɝɨ ɩɭɬɢ ɢɡ ɭɡɥɚ-ɢɫɬɨɱɧɢɤɚ d ɜ ɭɡɟɥ-ɫɬɨɤ b;
ǻk – ɡɧɚɱɟɧɢɟ ɚɥɝɟɛɪɚɢɱɟɫɤɨɝɨ ɞɨɩɨɥɧɟɧɢɹ (ɦɢɧɨɪɚ) k-ɝɨ ɩɭɬɢ ɨɬ ɭɡɥɚ-ɢɫɬɨɱɧɢɤɚ d ɜ
ɭɡɟɥ-ɫɬɨɤ b;
ǻ – ɝɥɚɜɧɵɣ ɨɩɪɟɞɟɥɢɬɟɥɶ ɝɪɚɮɚ.
Ɉɩɪɟɞɟɥɟɧɢɹ ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ ɨɛɪɚɡɨɜ (ɩɨɧɹɬɢɣ) ɝɪɚɮɚ (ɩɭɬɶ, ɤɨɧɬɭɪ, ɩɟɪɟɞɚɱɚ ɩɭɬɢ,
ɩɟɪɟɞɚɱɚ ɤɨɧɬɭɪɚ, ɦɢɧɨɪ ɩɭɬɢ) ɞɚɧɵ ɫɨɝɥɚɫɧɨ Ɇɷɡɨɧɭ.










)4()3()2()1( LLLL  (29) 
ɝɞɟ ¦U U
)1(L  – ɫɭɦɦɚ ɩɟɪɟɞɚɱ ɜɫɟɯ ɤɨɧɬɭɪɨɜ ɝɪɚɮɚ ɰɟɩɢ;














)4(L – ɫɭɦɦɚ ɩɪɨɢɡɜɟɞɟɧɢɣ ɩɟɪɟɞɚɱ ɜɫɟɯ ɱɟɬɜɟɪɨɤ ɧɟɤɚɫɚɸɳɢɯɫɹ ɤɨɧɬɭɪɨɜ ɢ ɬ. ɞ.
ɇɟɤɚɫɚɸɳɢɦɢɫɹ ɤɨɧɬɭɪɚɦɢ ɫɱɢɬɚɸɬɫɹ ɤɨɧɬɭɪɵ, ɧɟ ɢɦɟɸɳɢɟ ɨɛɳɢɯ ɭɡɥɨɜ.
Ɇɢɧɨɪɵ ɩɭɬɟɣ ɜ (28) ɮɨɪɦɢɪɭɸɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ (29), ɝɞɟ ɩɟɪɟɞɚɱɢ ɤɨɧɬɭɪɨɜ,
ɤɨɬɨɪɵɯ ɤɚɫɚɟɬɫɹ (ɬɨ ɟɫɬɶ ɢɦɟɟɬ ɯɨɬɹ ɛɵ ɨɞɢɧ ɨɛɳɢɣ ɭɡɟɥ ɫ ɤɨɧɬɭɪɨɦ) ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ
ɩɭɬɶ, ɩɪɢɪɚɜɧɢɜɚɸɬɫɹ ɧɭɥɸ.
Ɏɨɪɦɭɥɚ Ɇɷɡɨɧɚ (28) ɩɨɡɜɨɥɹɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɩɪɟɞɟɥɹɬɶ ɤɨɧɟɱɧɵɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ
ɬɨɤɚ ɢɥɢ ɧɚɩɪɹɠɟɧɢɹ ɥɸɛɨɝɨ ɷɥɟɦɟɧɬɚ ɰɟɩɢ. ɉɪɢ ɧɚɥɢɱɢɢ ɜ ɰɟɩɢ ɧɟɫɤɨɥɶɤɢɯ ɜɧɟɲɧɢɯ
ɡɚɞɚɸɳɢɯ ɢɫɬɨɱɧɢɤɨɜ ɬɨɤ ɢɥɢ ɧɚɩɪɹɠɟɧɢɟ ɥɸɛɨɝɨ ɷɥɟɦɟɧɬɚ ɫɯɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɦɟɬɨɞɭ
ɧɚɥɨɠɟɧɢɹ ɩɭɬɟɦ ɫɭɦɦɢɪɨɜɚɧɢɹ ɱɚɫɬɢɱɧɵɯ ɪɟɚɤɰɢɣ, ɤɚɠɞɭɸ ɢɡ ɤɨɬɨɪɵɯ ɮɨɪɦɢɪɭɸɬ ɜ
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (28). 
ɋɞɟɪɠɢɜɚɟɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɮɨɪɦɭɥɵ Ɇɷɡɨɧɚ ɩɪɚɤɬɢɱɟɫɤɨɟ ɨɬɫɭɬɫɬɜɢɟ
ɮɨɪɦɚɥɶɧɵɯ ɩɪɚɜɢɥ, ɩɨɡɜɨɥɹɸɳɢɯ ɧɚɯɨɞɢɬɶ ɜɫɟ ɷɥɟɦɟɧɬɵ (ɩɭɬɢ, ɤɨɧɬɭɪɵ) ɜɵɪɚɠɟɧɢɹ (28) ɢ
ɫɢɫɬɟɦɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɦɵɫɥɟ ɤɚɫɚɧɢɹ [1]. 
ɇɢɠɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɜɨɣɫɬɜɚ ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ ɦɚɬɪɢɰɵ ɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɟɟ
ɫɭɛɦɚɬɪɢɰ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɹɟɬ ɭɫɬɪɚɧɢɬɶ ɭɤɚɡɚɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ.
ȼ [4] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɚɠɞɵɣ ɧɟɧɭɥɟɜɨɣ ɷɥɟɦɟɧɬ ɜ ɫɭɛɦɚɬɪɢɰɟ FRR ɫɨɨɬɜɟɬɫɬɜɭɟɬ
ɫɨɛɫɬɜɟɧɧɨɦɭ ɤɨɧɬɭɪɭ ɨɫɧɨɜɧɨɝɨ ɫɢɝɧɚɥɶɧɨɝɨ ɝɪɚɮɚ ɰɟɩɢ, ɤɨɬɨɪɵɣ ɮɨɪɦɢɪɭɟɬɫɹ ɷɥɟɦɟɧɬɨɦ
ɫɨɛɫɬɜɟɧɧɨɝɨ ɞɟɪɟɜɚ, ɢɦɟɧɭɸɳɢɦ ɞɚɧɧɵɣ ɫɬɨɥɛɟɰ ɦɚɬɪɢɰɵ F (ɬɚɛɥɢɰɚ 1) ɢ ɷɥɟɦɟɧɬɨɦ ɫɜɹɡɢ,
ɢɦɟɧɭɸɳɢɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɫɬɪɨɤɭ ɜ ɬɚɛɥɢɰɟ 1. ɉɪɢɱɟɦ ɩɟɪɟɞɚɱɚ ɫɨɛɫɬɜɟɧɧɨɝɨ ɤɨɧɬɭɪɚ ɜ
ɫɭɛɦɚɬɪɢɰɟ FRR ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɟɡɪɚɡɦɟɪɧɭɸ ɜɟɥɢɱɢɧɭ, ɱɢɫɥɟɧɧɨ ɪɚɜɧɭɸ ɨɬɧɨɲɟɧɢɸ
ɜɟɥɢɱɢɧɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɥɟɦɟɧɬɚ ɢɡ ɱɢɫɥɚ ɜɟɬɜɟɣ, ɢɦɟɧɭɸɳɟɝɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɬɨɥɛɟɰ
ɤ ɜɟɥɢɱɢɧɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɥɟɦɟɧɬɚ ɢɡ ɱɢɫɥɚ ɫɜɹɡɟɣ, ɢɦɟɧɭɸɳɟɝɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɫɬɪɨɤɭ
(ɫɦ. ɬɚɛɥɢɰɭ 1):  






P .   (30) 
ɝɞɟ  (-fRȞjRȝi) – ɜɡɹɬɨɟ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɡɧɚɤɨɦ, ɫɨɝɥɚɫɧɨ (5), ɡɧɚɱɟɧɢɟ ɤɨɧɬɭɪɧɨɝɨ
ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɚɬɪɢɰɵ FRR, ɨɬɪɚɠɚɸɳɟɝɨ ɧɚɥɢɱɢɟ ɢ ɡɧɚɤ (ɩɥɸɫ ɢɥɢ ɦɢɧɭɫ) ɜɥɢɹɧɢɹ
ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɪɟɡɢɫɬɨɪɟ Rȝi ɢɡ ɱɢɫɥɚ ɷɥɟɦɟɧɬɨɜ ɜɟɬɜɟɣ ɫɨɛɫɬɜɟɧɧɨɝɨ ɞɟɪɟɜɚ ɧɚ
ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɪɟɡɢɫɬɨɪɟ RȞj ɢɡ ɱɢɫɥɚ ɷɥɟɦɟɧɬɨɜ ɫɜɹɡɟɣ ɫɨɝɥɚɫɧɨ ɜɬɨɪɨɦɭ ɡɚɤɨɧɭ
Ʉɢɪɯɝɨɮɚ ; 
fRȝiRȞj – ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɚɬɪɢɰɵ ɫɟɱɟɧɢɣ
T
RRF , ɨɬɪɚɠɚɸɳɟɝɨ ɧɚɥɢɱɢɟ ɢ ɡɧɚɤ
(ɩɥɸɫ ɢɥɢ ɦɢɧɭɫ) ɜɥɢɹɧɢɹ ɜɟɥɢɱɢɧɵ ɬɨɤɚ ɱɟɪɟɡ ɪɟɡɢɫɬɨɪ RȞj ɢɡ ɱɢɫɥɚ ɷɥɟɦɟɧɬɨɜ ɫɜɹɡɟɣ ɧɚ
ɬɨɤ ɪɟɡɢɫɬɨɪɚ Rȝi ɢɡ ɱɢɫɥɚ ɷɥɟɦɟɧɬɨɜ ɜɟɬɜɟɣ ɫɨɛɫɬɜɟɧɧɨɝɨ ɞɟɪɟɜɚ ɫɨɝɥɚɫɧɨ ɩɟɪɜɨɦɭ ɡɚɤɨɧɭ
Ʉɢɪɯɝɨɮɚ;
Rȝi – ɜɟɥɢɱɢɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɟɡɢɫɬɨɪɚ, ɢɦɟɧɭɸɳɟɝɨ ɫɬɨɥɛɟɰ ɦɚɬɪɢɰɵ F, ɜ ɤɨɬɨɪɨɦ
ɪɚɫɩɨɥɨɠɟɧ ɷɥɟɦɟɧɬ fRȞjRȝi ɫɨɝɥɚɫɧɨ ɬɚɛɥɢɰɵ 1; 
RȞj – ɜɟɥɢɱɢɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɟɡɢɫɬɨɪɚ, ɢɦɟɧɭɸɳɟɝɨ ɫɬɪɨɤɭ ɦɚɬɪɢɰɵ F, ɜ ɤɨɬɨɪɨɦ
ɪɚɫɩɨɥɨɠɟɧ ɷɥɟɦɟɧɬ fRȞjRȝi ɫɨɝɥɚɫɧɨ ɬɚɛɥɢɰɵ 1; 
 fRȝiRȞj = (-fRȞjRȝ), ɩɨɫɤɨɥɶɤɭ -F = FɌ ɫɨɝɥɚɫɧɨ (4, 5) . 
ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɟɪɟɞɚɱɚ ɥɸɛɨɝɨ ɤɨɧɬɭɪɚ ɜɫɟɝɞɚ ɨɬɪɢɰɚɬɟɥɶɧɚ ɧɟɡɚɜɢɫɢɦɨ ɨɬ
ɡɧɚɤɚ ɷɥɟɦɟɧɬɚ fRȞjRȝi ɜ ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ ɫɭɛɦɚɬɪɢɰɟ FRR (ɫɭɛɦɚɬɪɢɰɚ FRR ɩɨɤɚɡɚɧɚ ɮɪɚɝɦɟɧɬɨɦ
ɫ ɡɚɥɢɜɤɨɣ ɜ ɬɚɛɥɢɰɟ 1). ɉɨɫɥɟɞɧɟɟ ɭɬɜɟɪɠɞɟɧɢɟ ɨɱɟɜɢɞɧɨ ɢɡ (4, 5) ɢ ɪɢɫɭɧɤɚ 4. 
ȼɵɹɫɧɟɧɢɸ ɫɢɫɬɟɦɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɨɛɫɬɜɟɧɧ ɵɯ ɤɨɧɬɭɪɨɜ ɫɯɟɦɵ ɫɩɨɫɨɛɫɬɜɭɟɬ
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɥɟɞɭɸɳɢɯ ɫɜɨɣɫɬɜ ɦɚɬɪɢɰɵ FRR, ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɯ ɜ [3]: 
 №1 (71)  010 ЭНЕРГОСБЕРЕЖЕНИЕ • ЭНЕРГЕТИКА • ЭНЕРГОАУДИТ
энергетика
ɱɢɫɥɨ ɧɟɧɭɥɟɜɵɯ ɷɥɟɦɟɧɬɨɜ ɫɭɛɦɚɬɪɢɰɵ FRR ɪɚɜɧɨ ɱɢɫɥɭ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɧɬɭɪɨɜ
ɨɫɧɨɜɧɨɝɨ ɝɪɚɮɚ;
ɫɨɛɫɬɜɟɧɧɵɟ ɤɨɧɬɭɪɵ, ɩɟɪɟɞɚɱɢ ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɨɞɧɨɣ ɫɬɪɨɤɟ (ɫɬɨɥɛɰɟ),
ɹɜɥɹɸɬɫɹ ɤɚɫɚɸɳɢɦɢɫɹ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɫɮɨɪɦɢɪɨɜɚɧɵ ɨɞɧɨɣ ɫɜɹɡɶɸ (ɜɟɬɜɶɸ), ɯɨɬɹ ɢ
ɪɚɡɧɵɦɢ ɜɟɬɜɹɦɢ (ɫɜɹɡɹɦɢ);
ɫɨɛɫɬɜɟɧɧɵɟ ɤɨɧɬɭɪɵ, ɩɟɪɟɞɚɱɢ ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɪɚɡɧɵɯ ɫɬɪɨɤɚɯ ɢ ɪɚɡɧɵɯ
ɫɬɨɥɛɰɚɯ, ɹɜɥɹɸɬɫɹ ɧɟɤɚɫɚɸɳɢɦɢɫɹ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɫɮɨɪɦɢɪɨɜɚɧɵ ɪɚɡɧɵɦɢ ɫɜɹɡɹɦɢ ɢ
ɪɚɡɧɵɦɢ ɜɟɬɜɹɦɢ;
ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɪɹɞɨɤ ɫɢɫɬɟɦɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɟɤɚɫɚɸɳɢɯɫɹ ɤɨɧɬɭɪɨɜ ɧɟ ɩɪɟɜɵɲɚɟɬ
ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɫɭɛɦɚɬɪɢɰɵ FRR.
ȼɵɜɨɞɵ
1. ɉɪɟɞɥɨɠɟɧɚ ɨɫɨɛɚɹ ɫɬɪɭɤɬɭɪɚ ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ ɦɚɬɪɢɰɵ ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɜɹɡɟɣ ɦɟɠɞɭ
ɷɥɟɦɟɧɬɚɦɢ ɫɯɟɦɵ, ɜɵɩɨɥɧɟɧ ɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɷɬɨɣ ɦɚɬɪɢɰɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɨɥɭɱɟɧ
ɨɛɨɛɳɟɧɧɵɣ ɝɪɚɮ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ɢ ɭɫɬɚɧɨɜɥɟɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ
ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɤɚɫɚɧɢɹ ɪɟɡɢɫɬɢɜɧɵɯ ɤɨɧɬɭɪɨɜ.
2. Ɉɛɨɛɳɺɧɧɵɣ ɝɪɚɮ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɨɬɪɚɠɚɟɬ ɩɪɢɱɢɧɧɨ-ɫɥɟɞɫɬɜɟɧɧɵɟ ɫɜɹɡɢ,
ɩɨɤɚɡɵɜɚɸɳɢɟ ɜɥɢɹɧɢɟ ɜɧɟɲɧɢɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɢ ɜɧɭɬɪɟɧɧɢɯ ɡɚɩɚɫɨɜ ɷɧɟɪɝɢɢ ɧɚ
ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ.
3. ɉɪɢɦɟɧɟɧɢɟ ɮɨɪɦɭɥɵ Ɇɷɡɨɧɚ ɤ ɨɛɨɛɳɺɧɧɨɦɭ ɝɪɚɮɭ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɩɨɡɜɨɥɹɟɬ
ɨɩɪɟɞɟɥɹɬɶ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɤɨɟɮɮɢɰɢɟɧɬɨɜ ɩɟɪɟɞɚɱɢ ɰɟɩɢ.
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The special structure of topological matrix is offered for description of connections between 
the elements of chart, the structural analysis of this matrix is executed, the generalized count of 
equalizations of the state of electric chain is as a result got and the rules of determination of 
structure of touch of capacitance-resistance contours are set. 
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